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Abstract: The application of information technology in all areas represents a significant facilitation
of all business processes and activities. A competitive business system is hardly imaginable
without adequate information technology. Therefore, this paper evaluates the conditions for the
implementation of barcode technology in a warehouse system of a company for the manufacture
of brown paper. SWOT (Strengths, Weaknesses, Opportunities, Threats) matrix was formed with a
total of 27 elements based on which the benefits of the implementation of barcode technology in the
warehouse system need to be analysed. For this purpose, a new fuzzy PIPRECIA (PIvot Pairwise
RElative Criteria Importance Assessment) method has been developed to evaluate all elements in
SWOT matrix. In addition, a part of the new developed approach includes new fuzzy scales for
criterion assessment that are adapted to the methodology required by the fuzzy PIPRECIA method.
To determine the consistency of the method, Spearman and Pearson correlation coefficients are
applied. The results obtained in this study show that weaknesses are most noticeable in the current
system. By implementing barcode technology, it is possible to create opportunities defined in SWOT
matrix, which, in a very efficient way, allow elimination of the current weaknesses of the system.
Keywords: fuzzy PIPRECIA; barcode technology; SWOT; warehouse system; multi-criteria decision
making (MCDM)
1. Introduction
A logistics network that implies the linkage of adequate infrastructure, construction facilities,
logistics centres, properties and processes in them is an indispensable factor for the success of a global
supply chain. A warehouse system in a complete logistics network plays an important role and
in one way represents a place where raw materials, materials, semi-products or finished goods are
collected and stored, which are later included in other processes. As a warehouse system represents
a timely transformation of goods, after the expiration of the anticipated or required timeframe for
the preservation of material flows, they are further dispatched to different locations where a demand
for them is shown. Storage systems are linked and often an irreplaceable factor in a logistics chain.
In a manufacturing process, situations when raw materials or materials are immediately included in
a manufacturing process are rare and practically they are always for a certain period in a sleeping
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mode or in a warehouse. The situation is similar with finished products and semi-finished products.
In order to achieve a competitive market position, it is necessary to rationalize logistics activities and
processes. A warehouse appears as one of the subsystems in which rationalization is possible and
which as a special logistics subsystem besides transportation represents the biggest cause of logistical
costs and thus there is constant search for potential places for savings in these subsystems. Compared
to its former static function, today’s warehouse represents a dynamic system in which the movement
of goods is dominant. Therefore, in this paper, the emphasis is on one of the warehouse systems
of Natron-Hayat (http://www.natron-hayat.ba/index.php), one of the largest companies in Bosnia
and Herzegovina.
“Work unit—Warehouse,” which includes the warehouse of technical material and the reception
warehouse, is a part of Natron-Hayat and a very important factor in the entire company. All necessary
material for uninterrupted manufacturing process is a part of the warehouse of technical material.
In addition, this warehouse represents an irreplaceable factor regarding spare parts for a variety of
machines and an important factor in it is its organization, where each item must be stored in an
appropriate place and clearly marked. The reason for this is undisturbed removal of material from
the warehouse and the acceleration of the process. In order to accelerate and facilitate the process of
removing goods from the warehouse, it is necessary to consider the conditions for introducing barcode
technology to the warehouse. The use of barcode technology has revolutionized a logistical approach
to production and distribution. Without applying barcode technology, many tasks that are more
complex would be practically difficult to accomplish. Advantages in business provided by barcode
technology are many and some of them are as follows: barcode technology shortens the time of work
realization in the Reception Warehouse and the Warehouse of Technical Material; it eliminates the
possibility of human errors in warehousing; barcode technology transfers all information accurately
and precisely into the system; it shortens the time of supplementing inventory and so forth.
On the other hand, modern information technology plays a very important role in achieving
defined strategic goals, which accelerates and facilitates the flow of all logistics processes and activities.
One of the aims of this study is to determine the possibilities for implementing barcode technology in
the warehouse of technical material and the reception warehouse of Natron-Hayat by developing an
integrated model. Integration implies the application of SWOT analysis [1] with a new multi-criteria
decision making Fuzzy PIPRECIA method, which is a part of the developed model. In addition to the
aforementioned aim that has a practical contribution, this paper has several aims from the aspect of
scientific contribution. The first of the scientific aims is to develop a new fuzzy PIPRECIA method
that allows the determination of weighting criterion values by considering all the necessary elements
for more objective calculation of criterion significance. The second scientific aim of the work refers
to defining new fuzzy scales for criterion assessment that have been deliberately developed to take
full advantage of the benefits offered by the Fuzzy PIPRECIA method. The third aim of this paper is
to bridge the gap that currently exists for certain problems of multi-criteria decision-making when a
large number of decision-makers are involved. The developed method makes it possible to determine
the significance of criteria without prior sorting the criteria by importance.
In addition to introductory considerations, the structure of this work includes five more sections.
The Section 2 presents a review of the literature throughout three parts. The Section 3 presents the
methodology applied in this research. The basic items of SWOT analysis and basic operations on
fuzzy numbers have been presented and the development of new fuzzy scales for criterion assessment
and the development of new fuzzy PIPRECIA method have been performed. The assessment of
the conditions for the implementation of barcode technology has been carried out in the Section 4.
Processes in storage systems have been presented and SWOT analysis has been formed and explained
in detail. Subsequently, the fuzzy PIPRECIA method has been applied to assess the elements of SWOT
matrix. Section 5 is a sensitivity analysis and discussion of the obtained results. This section presents
the ranks of all criteria and calculates Spearman and Pearson correlation coefficients. The Section 6
provides conclusions with the guidelines for future research.
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2. Literature Review
Decision making on complex socio-economic problems including that business-related decisions
requires appropriate and reliable decision support system. Evidences from literature show that increase
in the complexity of decisions makes it difficult for the decision-makers to identify management
alternatives that maximize all decision criteria [2–4]. Planning and decision making requires a
multi-objective approach and analytical methods that examine trade-offs, consider multiple political,
economic, environmental and social dimensions, reduce conflicts, in an optimizing framework [2].
In other words, decision problems depend on a set of criteria that include attributes and objectives and
should possess some properties to adequately represent the multi-criteria [5], which can be defined
by the interested literature, analytical study and opinions [6–9] and must be comprehensive and
measurable [4,5].
Multi-Criteria Decision Making (MCDM) tools are considered as the established methods to aid
decision makers in taking apposite decisions [10–12] and their applications are observed to growing in
popularity in many fields that includes but not limited to business management, logistics, supply chain,
energy, urban development, waste management and so forth. [13–17]. MCDM methods generally
assist in decision making mainly through evaluation, comparison and selecting initiatives for example
technologies, strategies and so forth, in relation to the achieved or planned effects resulting from their
introduction in the context or environment [11,18]. However, it is evidenced that many inappropriate
selection choices (such as technology, strategies, etc.) are still being made by the decision makers
leading to unreliable decisions, consequently which there is a growing argument for the need for a
wider uptake of MCDM methods to address this problem [12,19].
In this regard, integrated and hybrid MCDM models were developed used in different contexts
to aid and improve the decision-making process. Numerous examples of the application of different
MCDM methods, in combination with other methods, in a conventional form or in the fuzzy
environment are evidenced in the main stream literature [20]. For example, fuzzy logic has been
integrated with Analytical Network Process (ANP), one of the widely used MCDM methods to
improve the process of evaluation and is found to be most appropriate methodological solution
because of its superiority in addressing the complex network structure [21–24].
2.1. The Application of Fuzzy MCDM Method in Storage Systems
Fuzzy MCDM methods have been used to solve many problems in different areas. The number
of references regarding the use of fuzzy MCDM methods for solving problems related to storage
systems is following. Fuzzy Analytic Hierarchy Process (AHP) is used for the evaluation of hydrogen
storage systems in the automotive industry [25]. In order to improve the performance of their supply
chain, companies have to choose an adequate warehouse location that will suit multiple needs and
requirements. The combination of fuzzy AHP and fuzzy TOPSIS (Technique for Order of Preference
by Similarity to Ideal Solution) methods was applied in [26] for optimum selection of five potential
storage locations. The importance and impact of warehouses on the complete efficiency of supply
chains are confirmed by following studies [27–30]. Ashrafzadeh et al. [27] emphasize that the choice
of warehouse location is of strategic importance for many companies and they use the fuzzy TOPSIS
method for these purposes. The significance of an adequate warehouse location in a supply chain
of hazardous substances reduces the risk of negative effects as confirmed by research [28], where
the authors used a fuzzy MULTIMOORA (MULTIplicative form with Multi-Objective Optimization
Ratio Analysis) method for the location selection. The combination of MCDM methods in integration
with fuzzy logic was also applied in [30] to determine a warehouse location. The authors used fuzzy
TOPSIS, fuzzy SAW (Simple Additive Weightingand) fuzzy MOORA (Multi-Objective Optimization
Ratio Analysis) methods, while Emec and Akkaya [31] applied a stohastical AHP and fuzzy VIKOR
(VlseKriterijumska Optimizacija I Kompromisno Resenje) for the same purpose.
Fuzzy multi-criteria decision-making is also used for other tasks related to storage systems.
Echo Saputro and Daneshvar Rouyendegh [32] carried out the evaluation and selection of material
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handling equipment in a warehouse using a combined fuzzy AHP and fuzzy TOPSIS method. One of
studies [33], similar to the study carried out in this paper, refers to the assessment of barcode application
or RFID (Radio-frequency identification) technology in a storage system which is in the development
of logistics has a tendency to grow ([34]. For this purpose, the fuzzy AHP method was applied.
In modern manufacturing industries, machines are connected and shared within the manufacturing
network. Thus, information technologies are widely applied in the smart factory, among which RFID
(Radio Frequency Identification) devices are the most important elements to collect real-time data and
track important objects [35].
2.2. The Application of Fuzzy MCDM Methods in the Field of Information Technology
The use of fuzzy MCDM methods is more intensive in Information Technology, where these
methods are most commonly used for software selection and the following examples can be stated
as more important: selection of ERP software [36,37], selection of software in manufacturing
industry [38,39], selection of software development strategy [40] and selection of e-learning
system [41]. There are also numerous examples of web site evaluation using a fuzzy MCDM method,
such as: [42–44].
Efficient logistics and supply chain management are enabled using efficient information
technology (IT), so in Reference [45], the identification and evaluation of mobile logistics tool was
carried out. In their paper, [46] addressed the logistics information technology evaluation and
selection criteria for practitioners and proposed a new multi-attribute decision-making methodology,
hierarchical fuzzy TOPSIS, for the problem.
2.3. The Application of Integrated SWOT-MCDM Models
Also, SWOT analysis has found to be an efficient tool in defining the management plans and
characterization of the performance measures in the socio-economic and industrial systems and
has been a very successful tool for understanding how a system is performing (for example a
company [47–49]. It maximizes strengths and opportunities and minimizes threats and weaknesses of
a system and identifies the conditions of the system according to these characteristics. For example,
it is an important support tool for decision-making and is commonly used as a means to systematically
analyse an organization’s internal and external environments [37]. SWOT analysis is often used both
for determining the strategic position of the company and getting the real picture in deciding which
strategy suits the company better. Besides, it is used to examine whether the generated strategies
(business scenarios) would enable the company to apply it appropriately [21]. However, largely,
SWOT analysis focuses on how the opportunities will be assessed and how to eliminate the threats; in
other words, despite its strengths and utility value it is generally the first stage of a large-scale study.
However, its application has been significantly improved by extending its ability to quantify the SWOT
factors, Lately, it has been integrated with MCDM methods, which has expanded its application for
example to develop ranking strategies and enable decision-makers to make objective decisions under
conditions of uncertainty [21,24,50].
Thus, MCDM and SWOT have their strengths and limitations, however, hybrid and integrated
MCDM and SWOT models are evidenced to have offered more objective, robust and reliable
performances in decision making. Although, a number of studies have been made integrating MCDM
and SWOT [21,24,50], studies relating to the context of this study are found to be scarce. Therefore,
this study will contribute to expand the integration of MCDM and SWOT model to the field of logistics
and barcoding, which perhaps will enable more realistic and reliable decision making.
3. Methods
Figure 1 shows a methodology, that is, a course of research consisting of three phases with a total
of 12 steps taken.
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Figure 1. Proposed methodology of research.
Figure 1 shows a complete course of research that implies assessing the conditions for
implementing barcode technology in a warehouse system with the development of a new fuzzy
PIPRECIA method. The initial phase involves recognizing the necessity for research in the first
step, after which the defining of problems and aims of research has been performed in the second
step. In order to enable adequately access to the assessment of the conditions for evaluating the
implementation of this information technology in the warehouse system of Natron-Hayat, SWOT
analysis was carried out. The SWOT matrix of 27 elements was formed, representing the third step of
this phase. The final step of the first phase of research is the formation of a decision-making team that
implies the managers of the company’s warehouse system in which barcode technology needs to be
implemented. In order to assess criteria adequately by decision-makers, new fuzzy scales, which are
methodologically specific and related to the development of the fuzzy PIPRECIA method, have been
formed. In the first step of the second phase, two new fuzzy scales have been developed, which are
explained in more detail below in a fuzzy PIPRECIA method algorithm. The second step is specific for
the formation of such models as it relates to the education of decision-makers for assessment of criteria.
Since it is about extending the PIPRECIA method [51] with fuzzy numbers and since new evaluation
scales are defined and have not been used before, it is necessary to explain to the decision-makers the
way how they are applied. Since a part of the research team is located in a town near the company,
they have briefly lectured on new scales to provide an adequate assessment at the very start and
eventually objective results that will help the company. The third step of the second phase is the
development of a new approach with its steps explained in detail below. The fourth step of the second
phase is the integration of SWOT matrix and fuzzy PIPRECIA method. The third phase begins with
the assessment of criteria in the first step, so that the second step includes an analytical part that
implies data processing and the calculation of results. Finally, a sensitivity analysis was performed by
calculating correlation coefficients.
3.1. SWOT Analysis
SWOT analysis was created by Stanford University researchers within the project that aimed to
determine what was going wrong with corporate planning, as well as to create a new management
change system. What is good in the present, they called Satisfactory; what is good in the future,
they called Opportunity; bad in the present—a Fault and bad in the future—a Threat. The acronym
was S-O-F-T. It later changed to SWOT [1]. The simplest method for the analysis of environment is
SWOT analysis and represents a qualitative analytical method that throughout four factors attempts
to present strengths, weaknesses, opportunities and threats of a certain phenomenon or situation
in a subject of analysis. The basic idea of SWOT analysis according to [52] is to determine internal
strengths and weaknesses, as well as external threats and opportunities. In this way, continuous
progress and development are achieved and thus competitive advantage too. It can be used when it
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comes to creating a company’s development strategy or analysing competitors and market positions.
It is desirable for SWOT analysis to be performed by organization managers who are well acquainted
with it but in cooperation with external consultants (who have special analytical skills and independent
viewpoint) for objectivity. By analysing the environment throughout a detailed list of favourable and
unfavourable factors, it stimulates research effort and provides reality in defining strategies. SWOT
analysis is quick, simple and according to [53], it can be adapted as a factor identification tool that
influences organization’s activities and provides solutions for the development of a future strategy.
SWOT analysis is an analytical framework for management to obtain relevant information about the
organization itself and the environment in which it operates at the moment and it will operate in the
future with the purpose of identifying strategic opportunities and threats in the environment and
their own strategic strengths and weaknesses. It enables management to develop a strategy based
on relevant organization and environment information. SWOT analysis is based on the assumption
that the organization will achieve maximum strategic success by maximizing its own strengths and
opportunities in the environment while minimizing threats and weaknesses, that is, by the best
use of internal strengths using the opportunities from the environment. An important assumption
is an analysis of the accordance of internal and external factors, that is, the determination of their
implications for the strategy. In fact, internal strengths and weaknesses should be seen in a context of
external opportunities and threats and vice versa.
3.2. Operations on Fuzzy Numbers





m−l l ≤ x ≤ m
u−x
u−m m ≤ x ≤ u
0 otherwise
. (1)
From Equation (1), l and u mean the lower and upper bounds of the fuzzy number A and m is the
modal value for A. The TFN can be denoted by A = (l, m, u).
The operational laws of TFN A = (l1, m1, u1) and A = (l2, m2, u2) are displayed as
following equations.
Addition: A = (l1, m1, u1)
A1 + A2 = (l1, m1, u1) + (l2, m2, u2) = (l1 + l2, m1 + m2, u1 + u2). (2)
Multiplication:
A1 × A2 = (l1, m1, u1)× (l2, m2, u2) = (l1 × l2, m1 ×m2, u1 × u2). (3)
Subtraction:
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3.3. A Novel Fuzzy PIvot Pairwise RElative Criteria Importance Assessment-Fuzzy PIPRECIA Method
The PIPRECIA method in a crisp form has been developed in Reference [51]. The basic advantage
of the PIPRECIA method is that it allows criteria to be evaluated without their prior sorting by
importance, which is not the case with the fuzzy SWARA method. Today, most of the problems of
multi-criteria decision-making are being solved by applying group decision-making. In such cases,
especially with an increase in the number of decision-makers involved in the fuzzy model, PIPRECIA
achieves its advantages. The fuzzy PIPRECIA method consists of 11 steps that are shown below.
Step 1. Forming the required benchmarking set of criteria and forming a decision-making team.
Sorting the criteria according to marks from the first to the last, this means that they need to be sorted
unclassified. Therefore, in this step, their significance does not play any role.
Step 2. In order to determine the relative importance of criteria, each decision-maker individually
evaluates pre-sorted criteria by starting from the second criterion, Equation (7).
srj =

> 1 i f Cj > Cj−1
= 1 i f Cj = Cj−1
< 1 i f Cj < Cj−1
. (7)
srj denotes the assessment of criteria by a decision-maker r.
In order to obtain a matrix sj, it is necessary to perform the averaging of matrix s
r
j using a
geometric mean. Decision-makers evaluate criteria by applying new defined scales in Tables 1 and 2.
Table 1. Scale 1–2 for the assessment of criteria.
Linguistic Scale Fuzzy Number
Scale 1–2
l m u DFV
Almost equal value 1 1.000 1.000 1.050 1.008
Slightly more significant 2 1.100 1.150 1.200 1.150
Moderately more significant 3 1.200 1.300 1.350 1.292
More significant 4 1.300 1.450 1.500 1.433
Much more significant 5 1.400 1.600 1.650 1.575
Dominantly more significant 6 1.500 1.750 1.800 1.717
Absolutely more significant 7 1.600 1.900 1.950 1.858
Table 2. Scale 0–1 for the assessment of criteria.
Fuzzy Number Linguistic Scale
Scale 0–1
l m u DFV
0.667 1.000 1.000 0.944 weakly less significant
0.500 0.667 1.000 0.694 moderately less significant
0.400 0.500 0.667 0.511 less significant
0.333 0.400 0.500 0.406 really less significant
0.286 0.333 0.400 0.337 much less significant
0.250 0.286 0.333 0.288 dominantly less significant
0.222 0.250 0.286 0.251 absolutely less significant
The second and third steps of the developed method are in close dependence and new fuzzy
scales are defined to meet the second and third step of the fuzzy PIPRECIA method. If the nature of
fuzzy number operations is taken into account along with the fact that, in the third step, the values sj
are subtracted from the number two, it is required to define these scales. It is important to note that by
defining these scales, the appearance of number two is avoided, which in the case of calculation could
cause difficulties and wrong results (for example, if number two appears we can have the situation that
l, m or u of the fuzzy number for kj is zero, so we cannot continue further). Therefore, no other fuzzy
scales could be used that have been previously developed but only the scales defined in this paper.
Symmetry 2018, 10, 586 8 of 28
When the criterion is of greater importance in relation to the previous one, assessment is made
using the above scale in Table 1. In order to make decision-makers easier to evaluate the criteria,
the table shows the defuzzified value (DFV) for each comparison.
When the criterion is of less importance compared to the previous one, assessment is made using
the above-mentioned scale in Table 2.
Step 3. Determining the coefficient k j
k j =
{
= 1 i f j = 1
2− sj i f j > 1
. (8)
Step 4. Determining the fuzzy weight qj
qj =
 = 1 i f j = 1qj−1
kj
i f j > 1
. (9)








In the following steps, the inverse methodology of fuzzy PIPRECIA method needs to be applied.




> 1 i f Cj > Cj+1
= 1 i f Cj = Cj+1
< 1 i f Cj < Cj+1
. (11)
srj ′ denotes the assessment of criteria by a decision-maker r.
It is again necessary to perform the averaging of matrix srj by applying a geometric mean.
Step 7. Determining the coefficient k j′
k j′ =
{
= 1 i f j = n
2− sj′ i f j > n
(12)
n denotes a total number of criteria. Specifically, in this case, it means that the value of the last
criterion is equal to the fuzzy number one.
Step 8. Determining the fuzzy weight qj′
qj′ =
 = 1 i f j = nqj+1′
kj ′ i f j > n
(13)
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Step 10. In order to determine the final weights of criteria, it is first necessary to perform the




(wj + wj′) (15)
Step 11. Checking the results obtained by applying Spearman and Pearson correlation
coefficients [51,54].
4. Assessment of Conditions for the Implementation of Barcode Technology in the Warehouse
System Using an Integrated SWOT-Fuzzy PIPRECIA Model
The company in which the research has been conducted represents a complex logistics system
where a constant improvement of logistics activities is necessary in order to increase its efficiency.
The company is spread over about a million square meters and is engaged in manufacturing of brown
paper. Its success achieved despite some subsystems that are not fully rationalized is confirmed by the
fact that it belongs to a group of largest exporters in Bosnia and Herzegovina. A current system in
the company is a decentralized system where every manufacturing facility has its own warehouse.
So far, a number of studies have been conducted in this company [54–58]. Most of these warehouses
have already been equipped with barcode technology. In addition, the warehouse that is of utmost
importance for the overall company’s operations is a warehouse called “WU Warehouse”, which
currently operates mainly on a “manual” basis. Therefore, SWOT matrix with a total of 27 elements
was formed in this paper and integrated with the fuzzy PIPRECIA method for assessing the conditions,
that is, possibilities, of implementing barcode technology into this warehouse.
The “WU Warehouse” has a function of providing support to the maintenance sector,
the manufacturing sector as well as the sales sector. This makes it extremely important part of the
company. The “WU Warehouse includes: Central weighing scale, Reception Warehouse, the Warehouse
of raw material and chemicals, the Warehouse of technical material and the Warehouse of spare parts.
In the “WU Warehouse”, the purpose of the process is to control input, output and reception of
materials/raw materials and finished products by suppliers and freight vehicles and to store them
into pre-defined warehouse premises within the company. This paper will focus on the Warehouse of
technical material and the Reception Warehouse and the possibility of introducing barcode technology
into these warehouses. The two warehouses mentioned in the first phase will be a pilot project onto
which an implementation test of barcode technology will be performed. Their practice will serve to
identify all positive and negative characteristics introducing barcode technology and in further work,
it will be tried to eliminate all the errors in the new system of work.
4.1. Description of the Reception and Dispatch Process from the “WU Warehouse”
The work principle of “Work unit-Warehouse” is based on strictly defined steps that all employees
of the work unit are obliged to adhere to. The first step in this process includes the arrival of vehicles
that supply materials/raw materials and control of vehicle weight when entering the company.
The weighing of vehicles is performed by a weighing scale operator. After weighing, a weighing
scale operator issues a weighing card to a driver, so the vehicle moves further towards the Reception
Warehouse, where the reception warehouse keeper receives accompanying documentation, as follows:
invoice, delivery note, CMR, attestation and so forth. Then the reception warehouse keeper checks the
received materials and raw materials. After the receipt and control, the reception warehouse keeper
informs the “WU Logistics 1” and arranges the unloading of raw materials into warehouses, depending
on the type of raw material. After unloading and storing the raw materials, the reception warehouse
keeper prepares internal documents for the receipt of goods and after that, certain documentation
is submitted to the warehouse keeper and the user of raw materials and the rest to liquidators.
In addition, the reception warehouse keeper initiates the process throughout the “WU Logistics 1”
and warehouse keepers, organizing unloading into existing warehouses depending on the type of
Symmetry 2018, 10, 586 10 of 28
material delivered. After unloading, the reception warehouse keeper and warehouse keepers inform
the submitter of the order and check the correctness of the materials delivered. Once the reception
warehouse keeper receives the material in the system, certain documentation is submitted to the
warehouse keeper, the submitter of the order and liquidators. After that, materials are stored into
existing warehouses within the company at pre-determined positions or handed over to the users
directly to their facilities. The warehouse keeper organizes the storage of the material by assigning a
suspension card with the exact name, ID number (article number) when placing the item on the shelves.
Additional control of material weight, quantity and visual appearance is performed when storing
the material. When issuing materials/raw materials, users are obliged to provide the warehouse
keeper with accompanying documentation for taking the goods out from the warehouse. After taking
a requisition form, the warehouse keeper issues the goods and removes it from the inventory record of
the warehouse forming an “Output material” document.
4.1.1. Processes in the Reception Warehouse
In the reception warehouse, the reception warehouse keeper receives assignments from his
manager. When goods arrive, the warehouse keeper receives the goods on the basis of suppliers’
invoices, waybills, transportation providers, forwarders’ documents, postal orders, orders and
contracts. In case that the goods received do not correspond to the characteristics stated in the
accompanying documentation in terms of type, quantity or damage caused by transportation,
the warehouse keeper is obliged to inform the supplier and the superior about it. After receiving
the raw materials/materials, they are delivered to certain sectors or warehouses, depending on
where they are to be stored. Employees in the reception warehouse also make a receipt, that is,
by its creation, raw material is received into the warehouse. In the warehouse, the receipt is always
accompanied with certain documentation, such as: transportation notes, delivery notes or other
records. Consignments and receipts must be recorded into the book of raw materials and additional
material. The consignments, received at the warehouse of raw materials and additional materials,
must be delivered on a daily basis to liquidation. Liquidation is a part of the company that controls all
of the bookkeeping documentation that has generated and recorded changes in business and which are
the subject of bookkeeping records. The warehouse keeper is obliged to comply with all technical and
technological standards regarding labour regulations. In case the warehouse keeper fails to comply
with the regulations made at the company level, he is obliged to report to the manager for his actions.
4.1.2. Processes in the Warehouse of Technical Material
As is the case with the reception warehouse, in the warehouse of technical material, a warehouse
keeper also receives the assignments from a manager. The warehouse of technical material receives
and delivers goods from the Reception Warehouse, the Warehouse of raw materials and chemicals,
the Warehouse of technical materials and the Warehouse of spare parts. Within the Warehouse of
technical material, the warehouse keeper participates in reception, planning, management, monitoring,
control, storage and keeping raw materials, chemicals, technical materials, spare parts and so forth.
The warehouse keeper also receives materials from a reception warehouse keeper. Materials are
accompanied with certain supporting documentation. After receiving materials and supporting
documentation, the warehouse keeper opens new suspension cards if there is a need for that and if
it does not, they store the materials into pre-determined locations. Within the Technical Warehouse,
it is required to have warehouse material bookkeeping—Input material, that is, bookkeeping
accompanied with a record of current inventory and movement of materials by type, quantity and value.
The warehouse keeper in the Warehouse of technical material, together with the chief warehouse keeper,
is obliged to monitor the realization of all orders relating to the “WU Warehouse.” The warehouse
keeper is in charge of forming, monitoring, analysing and managing inventory. The warehouse keeper
collects useful information on quality of material and indirectly participates in the improvement
of quality in an ordering process (PPE equipment, bearings, cutting and grinding materials, office
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supplies, spare parts, etc.). Regarding technical and technological standards and regulations on labour
safety that exist in the company, the warehouse keeper is obliged to comply with them while working
at his workplace. For everything regarding his work, the warehouse keeper is required to report to
his superior.
4.2. SWOT Analysis of a Warehouse System
In order to carry out an analysis of the existing and explore the advantages of the future system
(a barcode system), SWOT analysis has been applied on the basis of which the assessment of the
conditions of barcode technology implementation is performed. Based on the developed model in
this research, it is possible to perform an action plan for the realization of planned activities for
the complete introduction of barcode technology to the whole work chain of the “WU Warehouse”
(reception, control, processing, storage, inventory and issuing materials/raw materials).
SWOT analysis is a highly efficient tool for understanding and support when making decisions in a
variety of situations in a company or organization. SWOT analysis has been given such a name because
its basic idea is to enable the organization’s developmental behaviour, which ensures maximum
utilization of chances and capabilities, finding the ways to minimize weaknesses and threats. In this
way, SWOT analysis enables the recognition of positive and negative factors and gives the possibility
to react to them on time. More precisely, SWOT analysis helps to determine where the organization is
in the present, what are its main advantages and weaknesses and what are its chances and obstacles in
order to reach the planned goals in the future. Table 3 shows the dimensions and elements for each of
the dimensions of SWOT analysis in the observed storage system at Natron-Hayat company.
Table 3. SWOT analysis for implementing barcode technology into the warehouse at Natron-Hayat.
STRENGTHS WEAKNESSES
Human resources in the warehouse system Difficulties in inventory control
A linked work system among the Weighing Scale, Reception
Warehouse and the Warehouse of technical material Difficulties in supplementing warehouse inventory
Good organization of the work unit The problem with the way of confirming the material issued
Good relationship between warehouse keepers and users The excessive period between taking materials out and theirconfirmation
All items are clearly marked and sorted throughout the
warehouse (suspension cards) Keeping records of debts
Warehouse work conditions Wasting the warehouse keepers’ time on material confirmation
Access to the main road
Consumption of office supplies when performing all warehouse
activities
Warehouse keepers’ errors when recording materials
Current IT system of work
OPPORTUNITIES THREATS
Automatic inventory control Employer’s lack of understanding of the importance tointroduce a barcode
Faster supplementing of monthly warehouse inventory Users’ lack of understanding of the importance to keep thewarehouse using a barcode system
Faster confirmation of goods by users The warehouse keepers’ lack of understanding of the importanceto introduce a barcode system into the warehouse
Eliminating faults when typing a requisition form Provision of financial resources
Eliminating the waste time of warehouse keepers to keep
records of debts
Modernization of WU Warehouse operation
Confidence between warehouse keepers and users
4.2.1. Strengths
Within the Warehouse of technical material and the Reception Warehouse, five warehouse keepers
are employed; two warehouse keepers at the Reception Warehouse and three warehouse keepers at the
Warehouse of Technical Material. All employees in these warehouses have been educated and trained to
perform all warehouse operations, such as: reception, control, sorting, storage, control, supplementing
and dispatch of goods. As a part of regular business operations within the “WU Warehouse”, there is a
linkage of work process between the weighing scale and the Reception Warehouse from where the
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distribution of goods to final users is performed. This system of work has been performed for a number
of years without major problems. Regarding the organization of work within the work unit, it implies
that warehouse keepers operate following a certain and predefined work system. They use an existing
ERP information system. The ERP system is an information system in the company that covers a
database of manufacturing (it is precisely known how much it has been manufactured at the moment
in order for those in the sales sector to know how much they can sell, and, in the warehouse, how much
they can store), sales, procurement (in order that the procurement system has information on how
much raw material/material is currently in the warehouse), human resources (data on employees),
warehouses (warehouse keepers working as a support to production, raw material storage, support
for production and storage of finished goods). As a part of the work unit as well as the entire company,
ISO 9001 2015, with clear work descriptions, work instructions, work processes and forms for creating
accompanying documentation, has been introduced. The advantage is that everyone is familiar with
this but introducing a barcode technology system it would be easier to run the warehouse, as all would
be automatically performed and the whole process would be far faster. Good relationship between
warehouse keepers and users implies cooperation and teamwork. In order to complete work in the
best way, a good relationship between warehouse keepers and users is required, which is also achieved
by communication between them. Users are essentially employees on other jobs, who take necessary
material from the Warehouse of technical material, while there are no external users. As a result of
that and numerous successful activities, there is a trust between warehouse keepers and users, which
significantly facilitates the warehousing process itself as well as the opportunity to introduce new
innovations in the work. For better organization of work, the Warehouse of technical material is due
to a large number of items and their variety divided in the system throughout six sub-warehouses.
All the items are arranged in clearly visible places, marked by columns and rows, more precisely,
the positioning of larger part of items within the warehouse has been completed. Each item has its
own suspension card with the name, number and type of item. The proper layout of material by
certain types ensures easier warehousing because when warehouse keepers search for a particular item,
they know where the item is located. Consequently, this has an advantage regarding serving speed,
since the user who is waiting for a particular item does not have to wait too long. Work conditions in
the warehouse are very favourable. The warehouse is neat and clean. At work, it is very important to
have cleanliness and neatness. Favourable conditions at work lead to moral satisfaction of employed
warehouse keepers, which therefore leads to their better performance in the warehouse. The Reception
Warehouse as well as the Warehouse of technical material have access to the main road, which enables
them uninterrupted internal transportation, that is, the reception and distribution of materials to the
final users within the company. The fact that materials and raw materials arrive uninterruptedly to a
certain place is an advantage offered by the current system.
4.2.2. Weaknesses
Due to higher frequency and flow of goods throughout warehouses, warehouse keepers and users
do not have an ability to display directly the remaining inventory of certain materials. This refers to a
physical display of inventory that cannot be identified with 100% confidence regarding the record of
current inventory in the ERP system. Specifically, the current inventory in the ERP system and the
physical current inventory do not match because of delay in confirmation of previously issued material.
This example can be explained through a situation when a user wants to take a certain item through
the system. The system provides him with information that the amount of the material is, for example,
two pieces, whereas another user has taken the same item in the meantime but because of delay in
confirmation, the system will still show that the inventory of the material is two pieces. Supplementing
inventory to the Warehouse of technical material is performed at a monthly level. Checking the
warehouse current inventory is an indispensable process because it is necessary to monitor and control
the minimum inventory of materials. When supplementing the inventory, prior to the formation
of an order, the warehouse keeper checks the materials through the system. The previous example
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explains the problem with differences between the current inventory in the system and the physical
current inventory of material, which will also be reflected to the inventory control when supplementing
material into the warehouse. This can be explained by the example when a warehouse keeper, in order
to save time creating orders, uses the ERP system. In this case, the warehouse keeper must make extra
efforts and additional pressure on the users to accelerate the confirmation of the material after which
he performs additional control over the validity of the material issued and then performs bookkeeping
of all requisition forms. After that, the warehouse keeper will have a complete display of inventory
and he can begin to create orders to supplement the minimum inventory of materials. By introducing
a barcode system, this problem would be solved, and time would not be wasted on such things but a
real amount of inventory would be provided at any moment. Because of the variety of assortments
and similarities in item names, there are mistakes caused by users who exclude materials from the
warehouse and subsequently make confirmation through the system. Because of imprecision when
typing requisition, there is a mistake with similar product names. If the item “Bearing 6204” is used for
example, there are five types with similar names (Bearing 6204, Bearing 6204 ZZ, Bearing 6204 ZZ/C3,
Bearing 6204 2RSH, Bearing 6204 NR). Thus, there could be a problem if the user takes one bearing and
confirms a completely different one. The problem is that the user has taken one bearing and the other
one is registered for the current inventory in the system. The inventory decreases for one item and
increases for another one, which further creates a problem in the warehouse keeper’s work. In some
situations, the user does not immediately confirm materials. This is due to the oversized workload of
both the production and maintenance of the plant, so after the material has been taken, the material
is subsequently confirmed by users. When taking materials from the warehouse, the user receives
the requested material from the warehouse keeper with a note that provides required information for
confirmation (quantity, identification number, number of warehouses . . . ). This requires additional
delay and a waste of time, since the user takes the material and later, when he has some free time,
he makes material confirmation in his office. With this warehouse system, the system cannot provide
full information to the users about the exact current amount of certain materials, so the users call
the warehouse in order to receive the precise information on inventory, which requires additional
warehouse work and additional time loss. Regarding keeping records of debt, it can be linked to the
previous example. At present, keeping records of debts in a notebook is performed in an unusual way.
When issuing materials, the warehouse keeper writes the number of the material issued on behalf
of the name of users and thus records the debts. This unpopular work mode occurs due to material
confirmation delay by users. The previous work mode in the Warehouse of technical material leads to
wasting the warehouse keeper’s time to confirm the material taken from the warehouse. In case that
the user, who has taken the material from the warehouse, does not confirm this material over a certain
period, the warehouse keeper must send an e-mail to remind them that the goods should be confirmed
because the system lacks the material. By this system, the warehouse keeper wastes a lot of time that
could be used more efficiently. Consuming office supplies while performing all warehouse activities is
another weakness of the current system. When issuing materials from the warehouse, the warehouse
keeper must print all necessary documentation accompanying with the material, such as: Requisition
and Output document. Thus, the warehouse keeper wastes his time and creates costs for paper, printer,
electricity and so forth. By introducing bar technology, these activities would be left out. In their
work, warehouse keepers encounter the problem that the user did not type a requisition form with the
required material. In these situations, the warehouse keeper has problems with the lack of information,
so there are situations when the wrong material is issued. This can be associated with the example of
Bearing 6204, when a user requires one type of bearing and actually needs another one. Regarding
the current IT system within the warehouse, there are six sub-warehouses with different types and
subgroups of items. The items are also marked physically in the warehouse, as well as in the system,
so each sub-warehouse has certain types of items. It is impossible to issue some material from the
warehouse if it does not belong to a specific sub-warehouse. The reason for this is that it cannot be
confirmed in the system. Stored goods should be protected from possible malfunction, corrosion,
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breakage and other harmful impacts. This is achieved by proper handling, control and storage of the
goods. The ERP system is used as a part of warehousing, which makes it easier for the warehouse
keeper to work. However, the system offers an option of upgrading, which would facilitate business
and eliminate the shortcomings that currently exist.
4.2.3. Opportunities
The recent inventory management has been a major problem in the warehouse; there is no real
inventory record in the warehouse at any moment. By introducing a barcode system, this problem,
so far created by an old system, is eliminated. The reason for this is that the barcode system can
automatically identify the current amount of inventory, so there is no difference between the physical
amount of inventory and the current amount in the system. A monthly inventory supplement in
the Warehouse of technical material is a big problem, because when it comes to the supplement, it is
necessary to look at the current inventory in the system and the current inventory in the warehouse.
The barcode system identifies the current inventory and no additional control and inventory tracking
are required. It is not necessary to check all items on stock. It is sufficient just to review the current
inventory in the system and make a monthly inventory supplement in the warehouse. Moreover,
when inventory is scanned in the warehouse, the barcode reader will immediately display an accurate
amount of material in the system. The barcode data reading is very short, so an inventory worker
can register a large amount of material in a short period. The barcode system is a faster way than the
currently used system because a barcode system works on the principle of automatic code reading
and automatic requisition creation by a warehouse keeper for the material being issued. This system
accelerates the process of work and does not waste any time on material confirmation. This also
saves office supplies, toners and so forth, which was previously needed to confirm the material being
issued. By introducing a barcode technology system, errors in typing a requisition form are eliminated
because a warehouse keeper issues a requisition form immediately with the material issued. However,
in the current system, the user takes the material out of the warehouse and later, when he has some
free time, he types a requisition form in his office. When typing a requisition form, it is possible to
make a mistake regarding the name or number of materials. A barcode system completely eliminates
errors because the reader automatically reads the code and cannot make any mistake. By introducing
a barcode system, debt records and material confirmation by users are eliminated and there are no
additional notes in a notebook. A barcode system automatically reads the code when the material is
issued and the current amount of inventory in the system is the same as the current amount in the
warehouse. The work system currently used in the “WU Warehouse” provides an ability to progress
and upgrade. By introducing a barcode system, we modernize the warehouse and make the work
easier. The material taken is automatically confirmed and we have the real amount of inventory in the
system at any moment. The introduction of barcode system also creates trust between a warehouse
keeper and users. Recording goods issued from the warehouse and typing a requisition form by users
are no longer necessary because barcode technology is perfuming the job automatically and at the
same time when the material is being issued.
4.2.4. Threats
When introducing a barcode system, difficulties regarding the employer may arise. His lack
of understanding can be for a variety of reasons. Furthermore, the reason for not understanding
the importance of barcode system can be users who have adopted the habit of using the existing
business system and for who each change is a certain threat and fear in their work. Another threat
for the non-realization of barcode system is by warehouse keepers, who have acquired the habit of
working on the existing business system and for whom every change is a particular threat and fear
in their work. The cause of non-realization may also be financial resources. For the introduction of
this technology, it is necessary to allocate certain financial resources required for equipment purchase,
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warehouse workers’ training, barcode printing, installing additional software and so forth. These
financial resources can be a problem and could stop the realization of the whole idea.
4.3. Assessment of Conditions for Implementing Barcode Technology by Applying a Fuzzy PIPRECIA Method
The first step is to form a set of 27 elements and their weights need to be determined by applying a
new fuzzy PIPRECIA method. Criteria are sorted as in the SWOT matrix, not taking into account their
significance. In addition, in this step, a team of three decision-makers representing the staff employed
in the company’s warehouse system was formed. In the second step, each decision-maker individually
evaluates the criteria, which represents the determination of four basic dimensions of SWOT analysis.
4.3.1. Assessment of the Main Dimensions of SWOT Matrix
Tables 4 and 5 shows the assessment of the main dimensions of SWOT matrix for the fuzzy
PIPRECIA and the Inverse fuzzy PIPRECIA by three decision-makers and a geometric mean (GM),
which value is used to perform further calculation.
Table 4. Assessment of the main dimensions of SWOT matrix by three DMs for the fuzzy
PIPRECIA method.
PIPR. C1 C2 C3 C4
DM1 1.200 1.300 1.350 0.222 0.250 0.286 0.222 0.250 0.286
DM2 1.200 1.300 1.350 0.222 0.250 0.286 0.222 0.250 0.286
DM3 1.200 1.300 1.350 0.222 0.250 0.286 0.222 0.250 0.286
GM 1.200 1.300 1.350 0.222 0.250 0.286 0.222 0.250 0.286
Table 5. Assessment of the main dimensions of SWOT matrix by three DMs for the Inverse fuzzy
PIPRECIA method.
PIPR-I C4 C3 C2 C1
DM1 1.300 1.450 1.500 1.400 1.600 1.650 0.400 0.500 0.667
DM2 1.200 1.300 1.350 1.400 1.600 1.650 0.400 0.500 0.667
DM3 1.400 1.600 1.650 1.400 1.600 1.650 0.333 0.400 0.500
GM 1.297 1.445 1.495 1.400 1.600 1.650 0.376 0.464 0.606
Based on the assessment of criteria and a geometric mean (GM), Equation (7), a matrix sj is formed.
Applying Equation (8), those values are subtracted from the number two. Respecting the rules of
operations on fuzzy numbers, the matrix kj is obtained in the following way:
According to Equation (8), the value k1 = (1.000, 1.000, 1.000)
k2 = (2− 1.350, 2− 1.300, 2− 1.200) = (0.650, 0.700, 0.800)
k3 = (2− 0.286, 2− 0.250, 2− 0.222) = (1.714, 1.750, 1.778)
k4 = (2− 0.286, 2− 0.250, 2− 0.222) = (1.714, 1.750, 1.778)
According to Equation (9), the values of qj are obtained in the following way:
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Table 6 shows complete previous calculation and the last column shows the defuzzified values of
relative weights of criteria.
Table 6. Calculation and results of the application of fuzzy PIPRECIA for the main dimensions of
SWOT matrix.
PIPRECIA sj kj qj wj DF
C1 1.000 1.000 1.000 1.000 1.000 1.000 0.253 0.269 0.299 0.271
C2 1.200 1.300 1.350 0.650 0.700 0.800 1.250 1.429 1.538 0.316 0.385 0.459 0.386
C3 0.222 0.250 0.286 1.714 1.750 1.778 0.703 0.816 0.897 0.178 0.220 0.268 0.221
C4 0.222 0.250 0.286 1.714 1.750 1.778 0.396 0.466 0.524 0.100 0.126 0.156 0.126
SUM 3.349 3.711 3.959
In order to determine the final weights of criteria, it is necessary to apply Equations (11)–(15),
that is, the methodology of inverse fuzzy PIPRECIA method. Based on the assessment carried out by
decision-makers and applying a geometric mean, a matrix sj’ is obtained.
s1′ = (0.376, 0.464, 0.606)
s2′ = (1.400, 1.600, 1.650)
s3′ = (1.297, 1.445, 1.495)
Applying Equation (12), the following values are obtained:
k4′ = (1.000, 1.000, 1.000)
k3′ = (2− 1.495, 2− 1.445, 2− 1.297) = (0.505, 0.555, 0.703)
k2′ = (2− 1.650, 2− 1.600, 2− 1.400) = (0.350, 0.400, 0.600)
k1′ = (2− 0.606, 2− 0.464, 2− 0.376) = (1.394, 1.536, 1.624)
Applying Equation (13), the following values are obtained:
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= (0.115, 0.286, 0.649)
The results of the inverse fuzzy PIPRECIA methods are presented in Table 7.
Table 7. Calculation and results applying the Inverse fuzzy PIPRECIA for the main dimensions of
SWOT matrix.
PIPRECIA-I sj’ kj’ qj’ wj’ DF
C1 0.376 0.464 0.606 1.394 1.536 1.624 1.461 2.932 4.058 0.115 0.286 0.649 0.318
C2 1.400 1.600 1.650 0.350 0.400 0.600 2.372 4.503 5.658 0.187 0.440 0.904 0.475
C3 1.297 1.445 1.495 0.505 0.555 0.703 1.423 1.801 1.980 0.112 0.176 0.316 0.189
C4 1.000 1.000 1.000 1.000 1.000 1.000 0.079 0.098 0.160 0.105
6.257 10.236 12.695
Applying Equation (15), the final weights of criteria are obtained. Before applying this equation,
it is necessary to perform the defuzzification of the values of criteria obtained using Equations (7)–(15).













4.3.2. Assessment of the Elements of Strength Dimension
The calculation of elements of all SWOT matrix dimensions was performed in the same way.
Tables 8–15 show calculations and results for all elements of SWOT matrix.
The weights of strength dimension elements are as follows:
w′′1 = 0.158, w
′′
2 = 0.181, w
′′
3 = 0.246, w
′′
4 = 0.146, w
′′
5 = 0.120, w
′′
6 = 0.100, w
′′
7 = 0.093
4.3.3. Assessment of Weakness Dimension Elements
The weights of weakness dimension elements are as follows:
w′′1 = 0.112, w
′′
2 = 0.112, w
′′
3 = 0.170, w
′′
4 = 0.171, w
′′
5 = 0.148, w
′′
6 = 0.102, w
′′
7 = 0.089, w
′′
8 = 0.103, w
′′
9 = 0.076
4.3.4. Assessment of Opportunity Dimension Elements
The weights of opportunity dimension elements are as follows:
w′′1 = 0.165, w
′′
2 = 0.176, w
′′
3 = 0.263, w
′′
4 = 0.263, w
′′
5 = 0.099, w
′′
6 = 0.084, w
′′
7 = 0.096
4.3.5. Assessment of Threat Dimension Elements
The weights of threat dimension elements are as follows:
w′′1 = 0.285, w
′′
2 = 0.183, w
′′
3 = 0.205, w
′′
4 = 0.338
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Table 8. Assessment of strength dimension elements by three DMs for the fuzzy PIPRECIA and Inverse fuzzy PIPRECIA method.
PIPR. C1 C2 C3 C4 C5 C6 C7
DM1 1.100 1.150 1.200 1.200 1.300 1.350 0.286 0.333 0.400 0.500 0.667 1.000 0.500 0.667 1.000 0.667 1.000 1.000
DM2 1.000 1.000 1.050 1.200 1.300 1.350 0.333 0.400 0.500 0.500 0.667 1.000 0.500 0.667 1.000 0.500 0.667 1.000
DM3 1.100 1.150 1.200 1.100 1.150 1.200 0.400 0.500 0.667 0.500 0.667 1.000 0.500 0.667 1.000 0.667 1.000 1.000
GM 1.066 1.098 1.148 1.166 1.248 1.298 0.336 0.405 0.511 0.500 0.667 1.000 0.500 0.667 1.000 0.606 0.874 1.000
PIPR-I C7 C6 C5 C4 C3 C2 C1
DM1 1.000 1.000 1.050 1.100 1.150 1.200 1.100 1.150 1.200 1.400 1.600 1.650 0.400 0.500 0.667 0.500 0.667 1.000
DM2 1.100 1.150 1.200 1.100 1.150 1.200 1.100 1.150 1.200 1.300 1.450 1.500 0.400 0.500 0.667 0.667 1.000 1.000
DM3 1.000 1.000 1.050 1.100 1.150 1.200 1.100 1.150 1.200 1.200 1.300 1.350 0.500 0.667 1.000 0.500 0.667 1.000
GM 1.032 1.048 1.098 1.100 1.150 1.200 1.100 1.150 1.200 1.297 1.445 1.495 0.431 0.550 0.763 0.550 0.763 1.000
Table 9. Calculation and results of the application of fuzzy PIPRECIA and Inverse fuzzy PIPRECIA for strength dimension elements.
PIPRECIA sj kj qj wj DF
C1 1.000 1.000 1.000 1.000 1.000 1,000 0.120 0.162 0.191 0.160
C2 1.066 1.098 1.148 0.852 0.902 0.934 1.070 1.108 1,173 0.128 0.179 0.224 0.178
C3 1.166 1.248 1.298 0.702 0.752 0.834 1.283 1.474 1,672 0.154 0.238 0.320 0.238
C4 0.336 0.405 0.511 1.489 1.595 1.664 0.771 0.924 1,122 0.093 0.150 0.215 0.151
C5 0.500 0.667 1.000 1.000 1.333 1.500 0.514 0.693 1,122 0.062 0.112 0.215 0.121
C6 0.500 0.667 1.000 1.000 1.333 1.500 0.343 0.520 1,122 0.041 0.084 0.215 0.099
C7 0.606 0.874 1.000 1.000 1.126 1.394 0.246 0.461 1,122 0.029 0.075 0.215 0.090
SUM 5.227 6.180 8,335
PIPRECIA-I sj’ kj’ qj’ wj’ DF
c1 0.550 0.763 1.000 1.000 1.237 1.450 0.798 1.460 2,773 0.056 0.137 0.337 0.157
c2 0.431 0.550 0.763 1.237 1.450 1.569 1.157 1.806 2,773 0.081 0.170 0.337 0.183
c3 1.297 1.445 1.495 0.505 0.555 0.703 1.816 2.618 3,429 0.128 0.246 0.417 0.255
c4 1.100 1.150 1.200 0.800 0.850 0.900 1.276 1.453 1,732 0.090 0.137 0.210 0.141
C5 1.100 1.150 1.200 0.800 0.850 0.900 1.148 1.235 1,385 0.081 0.116 0.168 0.119
C6 1.032 1.048 1.098 0.902 0.952 0.968 1.033 1.050 1,108 0.073 0.099 0.135 0.100
C7 1.000 1.000 1.000 1.000 1.000 1,000 0.070 0.094 0.122 0.095
SUM 8.229 10.622 14,200
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Table 10. Assessment of weakness dimension elements by three DMs for the fuzzy PIPRECIA and Inverse fuzzy PIPRECIA method.
PIPR. C2 C3 C4 C5 C6 C7 C8 C9
DM1 1.000 1.000 1.000 1.300 1.450 1.500 1.000 1.000 1.050 0.667 1.000 1.000 0.400 0.500 0.667 0.500 0.667 1.000 1.100 1.150 1.200 0.400 0.500 0.667
DM2 1.000 1.000 1.050 1.200 1.300 1.350 1.000 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.500 0.667 1.000 1.100 1.150 1.200 0.500 0.667 1.000
DM3 1.000 1.000 1.050 1.200 1.300 1.350 1.000 1.000 1.000 0.500 0.667 1.000 0.400 0.500 0.667 0.667 1.000 1.000 1.000 1.000 1.050 0.400 0.500 0.667
GM 1.000 1.000 1.033 1.232 1.348 1.398 1.000 1.000 1.016 0.550 0.763 1.000 0.400 0.500 0.667 0.550 0.763 1.000 1.066 1.098 1.148 0.431 0.550 0.763
PIPR-I C8 C7 C6 C5 C4 C3 C2 C1
DM1 1.200 1.300 1.350 0.500 0.667 1.000 1.100 1.150 1.200 1.200 1.300 1.350 1.000 1.000 1.050 0.667 1.000 1.000 0.333 0.400 0.500 1.000 1.000 1.000
DM2 1.100 1.150 1.200 0.500 0.667 1.000 1.100 1.150 1.200 1.200 1.300 1.350 1.100 1.150 1.200 1.000 1.000 1.000 0.400 0.500 0.667 0.667 1.000 1.000
DM3 1.200 1.300 1.350 0.667 1.000 1.000 1.000 1.000 1.050 1.200 1.300 1.350 1.100 1.150 1.200 1.000 1.000 1.000 0.400 0.500 0.667 0.667 1.000 1.000
GM 1.166 1.248 1.298 0.550 0.763 1.000 1.066 1.098 1.148 1.200 1.300 1.350 1.066 1.098 1.148 0.874 1.000 1.000 0.376 0.464 0.606 0.763 1.000 1.000
Table 11. Calculation and results of the application of fuzzy PIPRECIA and Inverse fuzzy PIPRECIA for WEAKNESS dimension elements.
PIPRECIA sj kj qj wj DF
C1 1.000 1.000 1.000 1.000 1.000 1.000 0.079 0.110 0.140 0.110
C2 1.000 1.000 1.033 0.967 1.000 1.000 1.000 1.000 1.034 0.079 0.110 0.145 0.111
C3 1.232 1.348 1.398 0.602 0.652 0.768 1.303 1.534 1.719 0.103 0.169 0.241 0.170
C4 1.000 1.000 1.016 0.984 1.000 1.000 1.303 1.534 1.747 0.103 0.169 0.245 0.171
C5 0.550 0.763 1.000 1.000 1.237 1.450 0.899 1.240 1.747 0.071 0.137 0.245 0.144
C6 0.400 0.500 0.667 1.333 1.500 1.600 0.562 0.827 1.310 0.044 0.091 0.184 0.099
C7 0.550 0.763 1.000 1.000 1.237 1.450 0.387 0.669 1.310 0.031 0.074 0.184 0.085
C8 1.066 1.098 1.148 0.852 0.902 0.934 0.415 0.741 1.538 0.033 0.082 0.216 0.096
C9 0.431 0.550 0.763 1.237 1.450 1.569 0.264 0.511 1.243 0.021 0.056 0.174 0.070
SUM 7.132 9.056 12.649
PIPRECIA-I sj’ kj’ qj’ wj’ DF
C1 0.763 1.000 1.000 1.000 1.000 1.237 0.523 1.228 2.164 0.028 0.098 0.257 0.113
C2 0.376 0.464 0.606 1.394 1.536 1.624 0.647 1.228 2.164 0.035 0.098 0.257 0.114
C3 0.874 1.000 1.000 1.000 1.000 1.126 1.051 1.886 3.017 0.057 0.151 0.358 0.170
C4 1.066 1.098 1.148 0.852 0.902 0.934 1.184 1.886 3.017 0.064 0.151 0.358 0.171
C5 1.200 1.300 1.350 0.650 0.700 0.800 1.106 1.702 2.572 0.060 0.136 0.305 0.151
C6 1.066 1.098 1.148 0.852 0.902 0.934 0.885 1.191 1.672 0.048 0.095 0.198 0.104
C7 0.550 0.763 1.000 1.000 1.237 1.450 0.827 1.075 1.425 0.045 0.086 0.169 0.093
C8 1.166 1.248 1.298 0.702 0.752 0.834 1.199 1.330 1.425 0.065 0.106 0.169 0.110
C9 1.000 1.000 1.000 1.000 1.000 1.000 0.054 0.080 0.119 0.082
SUM 8.421 12.527 18.455
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Table 12. Assessment of opportunity dimension elements by three DMs for the fuzzy PIPRECIA and Inverse fuzzy PIPRECIA method.
PIPR. C1 C2 C3 C4 C5 C6 C7
DM1 1.100 1.150 1.200 1.300 1.450 1.500 1.000 1.000 1.000 0.250 0.286 0.333 0.500 0.667 1.000 1.100 1.150 1.200
DM2 1.000 1.000 1.050 1.200 1.300 1.350 1.000 1.000 1.000 0.250 0.286 0.333 0.500 0.667 1.000 1.100 1.150 1.200
DM3 1.000 1.000 1.050 1.200 1.300 1.350 1.000 1.000 1.000 0.250 0.286 0.333 0.667 1.000 1.000 1.000 1.000 1.050
GM 1.032 1.048 1.098 1.232 1.348 1.398 1.000 1.000 1.000 0.250 0.286 0.333 0.550 0.763 1.000 1.066 1.098 1.148
PIPR-I C7 C6 C5 C4 C3 C2 C1
DM1 0.500 0.667 1.000 1.100 1.150 1.200 1.500 1.750 1.800 1.000 1.000 1.000 0.333 0.400 0.500 0.500 0.667 1.000
DM2 0.500 0.667 1.000 1.100 1.150 1.200 1.500 1.750 1.800 1.000 1.000 1.000 0.400 0.500 0.667 0.667 1.000 1.000
DM3 0.667 1.000 1.000 1.000 1.000 1.050 1.500 1.750 1.800 1.000 1.000 1.000 0.400 0.500 0.667 0.667 1.000 1.000
GM 0.550 0.763 1.000 1.066 1.098 1.148 1.500 1.750 1.800 1.000 1.000 1.000 0.376 0.464 0.606 0.606 0.874 1.000
Table 13. Calculation and results of the application of fuzzy PIPRECIA and Inverse fuzzy PIPRECIA for opportunity dimension elements.
PIPRECIA sj kj qj wj DF
C1 1.000 1.000 1.000 1.000 1.000 1.000 0.108 0.128 0.152 0.129
C2 1.032 1.048 1.098 0.902 0.952 0.968 1.033 1.050 1.108 0.111 0.134 0.168 0.136
C3 1.232 1.348 1.398 0.602 0.652 0.768 1.346 1.611 1.842 0.145 0.206 0.279 0.208
C4 1.000 1.000 1.000 1.000 1.000 1.000 1.346 1.611 1.842 0.145 0.206 0.279 0.208
C5 0.250 0.286 0.333 1.667 1.714 1.750 0.769 0.940 1.105 0.083 0.120 0.168 0.122
C6 0.550 0.763 1.000 1.000 1.237 1.450 0.531 0.760 1.105 0.057 0.097 0.168 0.102
C7 1.066 1.098 1.148 0.852 0.902 0.934 0.568 0.842 1.297 0.061 0.108 0.197 0.115
SUM 6.594 7.814 9.299
PIPRECIA-I sj’ kj’ qj’ wj’ DF
c1 0.606 0.874 1.000 1.000 1.126 1.394 0.652 2.072 4.208 0.028 0.145 0.606 0.202
c2 0.376 0.464 0.606 1.394 1.536 1.624 0.909 2.334 4.208 0.039 0.163 0.606 0.216
c3 1.000 1.000 1.000 1.000 1.000 1.000 1.476 3.584 5.867 0.063 0.251 0.845 0.319
c4 1.500 1.750 1.800 0.200 0.250 0.500 1.476 3.584 5.867 0.063 0.251 0.845 0.319
C5 1.066 1.098 1.148 0.852 0.902 0.934 0.738 0.896 1.173 0.032 0.063 0.169 0.075
C6 0.550 0.763 1.000 1.000 1.237 1.450 0.690 0.809 1.000 0.030 0.057 0.144 0.067
C7 1.000 1.000 1.000 1.000 1.000 1.000 0.043 0.070 0.144 0.078
SUM 6.943 14.278 23.323 1.276
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Table 14. Assessment of threat dimension elements by three DMs for the fuzzy PIPRECIA and Inverse fuzzy PIPRECIA method.
PIPR. C1 C2 C3 C4
DM1 0.286 0.333 0.400 1.100 1.150 1.200 1.300 1.450 1.500
DM2 0.250 0.286 0.333 1.000 1.000 1.200 1.300 1.450 1.500
DM3 0.250 0.286 0.333 1.100 1.150 1.200 1.300 1.450 1.500
GM 0.261 0.301 0.354 1.066 1.098 1.200 1.300 1.450 1.500
PIPR-I C4 C3 C2 C1
DM1 0.400 0.500 0.667 0.667 1.000 1.000 1.200 1.300 1.350
DM2 0.333 0.400 0.500 0.667 1.000 1.000 1.200 1.300 1.350
DM3 0.400 0.500 0.667 0.500 0.667 1.000 1.200 1.300 1.350
GM 0.376 0.464 0.606 0.606 0.874 1.000 1.200 1.300 1.350
Table 15. Calculation and results of the application of fuzzy PIPRECIA and Inverse fuzzy PIPRECIA for threat dimension elements.
PIPRECIA sj kj qj wj DF
C1 1.000 1.000 1,000 1.000 1.000 1.000 0.267 0.292 0.326 0.293
C2 0.261 0.301 0.354 1.646 1.699 1.739 0.575 0.589 0.608 0.154 0.172 0.198 0.173
C3 1.066 1.098 1.148 0.852 0.902 0.934 0.616 0.652 0.713 0.164 0.190 0.232 0.193
C4 1.300 1.450 1.500 0.500 0.550 0.700 0.879 1.186 1.426 0.235 0.346 0.464 0.347
SUM 3.070 3.427 3.746
PIPRECIA-I sj’ kj’ qj’ wj’ DF
c1 1.200 1.300 1.350 0.650 0.700 0.800 0.552 0.826 1.103 0.156 0.270 0.423 0277
c2 0.606 0.874 1.000 1.000 1.126 1.394 0.442 0.578 0.717 0.125 0.189 0.275 0.193
c3 0.376 0.464 0.606 1.394 1.536 1.624 0.616 0.651 0.717 0.174 0.213 0.275 0.217
c4 1.000 1.000 1.000 1.000 1.000 1.000 0.283 0.327 0.383 0.329
SUM 2.610 3.055 3.538
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5. Sensitivity Analysis and Discussion of Results
Sensitivity analysis implies the calculation of Spearman coefficient correlation for the ranks
obtained by the fuzzy PIPRECIA method and its inverse fuzzy version. In addition, a Pearson
correlation coefficient was calculated for the obtained weights of SWOT matrix elements from both
versions of the developed method. In Tables 16–19, ranks and correlation coefficients are shown.
Table 16. Ranks and weight values of main dimensions of SWOT matrix.
Rank Rank d d2 I II wj
C1 2 2 0 0 C1 0.271 0.318 0.295 2
C2 1 1 0 0 C2 0.386 0.475 0.430 1
C3 3 3 0 0 C3 0.221 0.189 0.205 3
C4 4 4 0 0 C4 0.126 0.105 0.116 4
SCC 1.000
PCC 0.987
Table 17. Ranks and weight values of strength dimension.
Rank Rank d d2 I II wj
C1 3 3 0 0 C1 0.160 0.157 0.158 3
C2 2 2 0 0 C2 0.178 0.183 0.181 2
C3 1 1 0 0 C3 0.238 0.255 0.246 1
C4 4 4 0 0 C4 0.151 0.141 0.146 4
C5 5 5 0 0 C5 0.121 0.119 0.120 5
C6 6 6 0 0 C6 0.099 0.100 0.100 6
C7 7 7 0 0 C7 0.090 0.095 0.093 7
SCC 1.000
PCC 0.992
Table 18. Ranks and weight values of weakness dimension.
Rank Rank d d2 I II wj
C1 5 5 0 0 C1 0.110 0.113 0.112 5
C2 4 4 0 0 C2 0.111 0.114 0.112 4
C3 2 2 0 0 C3 0.170 0.170 0.170 2
C4 1 1 0 0 C4 0.171 0.171 0.171 1
C5 3 3 0 0 C5 0.144 0.151 0.148 3
C6 6 7 −1 1 C6 0.099 0.104 0.102 7
C7 8 8 0 0 C7 0.085 0.093 0.089 8
C8 7 6 1 1 C8 0.096 0.110 0.103 6
C9 9 9 0 0 C9 0.070 0.082 0.076 9
SCC 0.983
PCC 0.995
Table 19. Ranks and weight values of opportunity dimension.
Rank Rank d d2 I II wj
C1 4 4 0 0 C1 0.129 0.202 0.165 4
C2 3 3 0 0 C2 0.136 0.216 0.176 3
C3 1 1 0 0 C3 0.208 0.319 0.263 1
C4 1 1 0 0 C4 0.208 0.319 0.263 1
C5 5 6 −1 1 C5 0.122 0.075 0.099 5
C6 7 7 0 0 C6 0.102 0.067 0.084 7
C7 6 5 1 1 C7 0.115 0.078 0.096 6
SCC 0.964
PCC 0.924
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As it can be seen in Table 16, the most significant dimension of SWOT analysis is WEAKNESS
dimension with a value of 0.430. The research has identified nine elements of weaknesses that can
be significantly eliminated by implementing barcode technology. The least significant dimension
is THREATS, which is a positive fact in this research and provides greater probability for the
implementation of this technology. Additionally, Table 16 presents the ranks that are identical by
applying the fuzzy PIPRECIA and inverse fuzzy PIPRECIA methods, which means that the ranks
are in full correlation (SCC = 1.000). The high reliability of obtained results is proved by the value of
Pearson correlation coefficient (PCC = 0.987).
Seven elements have been identified in the STRENGTH dimension, where the third one is the
most important, which implies a good organization of the work unit. This element is closely related to
the next two most important elements related to a good link between “WU Warehouse” elements and
human resources in the warehouse system. It must be emphasized that the company invests in its staff
providing support in their education and training. In addition, the company has a large number of
young people who are prepared and capable of teamwork and continuous training. The less important
elements of this dimension are the relations between warehouse keepers and users and marking of all
items. The least important elements are work conditions in the warehouse and access to the main road.
The correlation coefficients show full correlation regarding ranks and almost full correlation regarding
weight elements.
By SWOT analysis, most elements have been identified in the WEAKNESS dimension. At present,
the greatest weakness of the existing system is a long period between the time of the material being
taken out and its confirmation and the confirmation of materials that have almost the same value.
The previous two elements are closely related to the third biggest weakness associated with the fifth
element-keeping records of debts. All of this affects the efficiency of the entire warehouse system
and inventory in it, since there are difficulties in controlling inventory and its supplement. All of the
above-mentioned elements or weaknesses can be eliminated by implementing barcode technology,
which can be seen below in the Opportunity dimension. Regarding rank correlations, it is incomplete
(SCC = 0.983) because there is a change in the rank of sixth and eighth elements that change their
positions by applying fuzzy PIPRECIA and inverse fuzzy PIPRECIA method. Regarding weight
correlation, it is higher than the correlation of ranks and it is PCC = 0.995.
Possibilities, that is, opportunities that can be achieved by introducing barcode technology in
a warehouse system are multiple and, of course, closely related to current shortcomings, that is,
weaknesses. Seven options are defined in total, from which a faster way of confirmation goods by
users and eliminating mistakes when typing a requisition form is most important. By acquiring
these opportunities, it is possible to make inventory supplement quicker and make automatic
inventory control, which is an important element to be achieved by implementing barcode technology.
Correlation coefficients are still very high. Observing the overall research and integration of SWOT and
fuzzy PIPRECIA method, the least values of ranks have been achieved in the Opportunity dimension.
The fifth and seventh element change their ranking positions, which results in a value of SCC = 0.964
and a value of PCC = 0.924.
Four elements have been identified throughout this dimension, of which, in the SWOT analysis,
the biggest threat (Table 20) is the provision of financial resources. Although it is a company that is, as
noted above, one of the largest exporters in the country, the inability to provide funds for this project
is still present. The cause can be justified by the recent reconstruction of manufacturing plants when
the company had to stop the manufacturing process for a few months. In addition, the employer’s
possible lack of understanding of the importance to implement barcode technology is also present,
which is one of the reasons for conducting this research and such analysis. The reason for this is that
the warehouse of finished products has already been equipped with this technology and it is taken
most into account, while other warehouses are considered less important. The correlation of ranks in
this dimension is complete and the value of Pearson correlation coefficient is 0.994.
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Table 20. Ranks and weight values of the treaths dimensions.
Rank Rank d d2 I II wj
C1 2 2 0 0 C1 0.293 0.277 0.285 2
C2 4 4 0 0 C2 0.173 0.193 0.183 4
C3 3 3 0 0 C3 0.193 0.217 0.205 3
C4 1 1 0 0 C4 0.347 0.329 0.338 1
SCC 1.000
PCC 0.994
When a complete sensitivity analysis has been considered, it can be concluded that the results
obtained by the developed model are stable and that the ranks within the developed method and
values of weight elements tend to correlate fully. One of the reasons for this correlation is the education
of human resources in the company about how to apply new fuzzy scales defined in this paper. Table 21
shows complete unified results of SWOT-Fuzzy PIPRECIA method that relate to local and global
values of elements for each dimension individually and global ranks of elements.
Table 21. Final results of the developed SWOT-Fuzzy PIPRECIA model.
Dimension Elements Local Value Global Value Rank
STRENGTHS
C1 0.158 0.047 10
C2 0.181 0.053 7
C3 0.246 0.073 3
C4 0.146 0.043 13
C5 0.120 0.035 17
C6 0.100 0.029 21
C7 0.093 0.027 22
WEAKNESSES
C1 0.112 0.048 9
C2 0.112 0.048 8
C3 0.170 0.073 2
C4 0.171 0.074 1
C5 0.148 0.064 4
C6 0.102 0.044 12
C7 0.089 0.038 15
C8 0.103 0.044 11
C9 0.076 0.033 20
OPPORTUNITIES
C1 0.165 0.034 18
C2 0.176 0.036 16
C3 0.263 0.054 5
C4 0.263 0.054 5
C5 0.099 0.020 25
C6 0.084 0.017 27
C7 0.096 0.020 26
THREATS
C1 0.285 0.033 19
C2 0.183 0.021 24
C3 0.205 0.024 23
C4 0.338 0.039 14
As already mentioned, the SWOT matrix contains 27 elements, where the weaknesses of the
current system represent the most realistic elements, so the implementation of barcode technology
is justified. Its introduction creates the conditions for eliminating weaknesses and increasing the
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efficiency of the whole “WU Warehouse.” One of the constraints of the formed SWOT analysis is its
hierarchical structure. In order to provide more precise global values and ranks of elements, it is
necessary that the main criteria or, in this case, dimensions have the same number of elements in the
hierarchical structure, which was also noticed in the research [59].
The paper [60] presents a methodological and practical framework for selecting suitable MCDA
methods for a particular decision situation. A set of 56 available MCDA methods was analyzed
and, based on that, a hierarchical set of methods’ characteristics and the rule base were obtained.
This study is very useful, but according to our opinion has a lot of space for improvement, because
new MCDM method and concepts like rough set are omitted. Fuzzy PIPRECIA methodology can
be used in various fields for group decision-making process for determination weights of criteria
especially can be useful for assessment by a large number of decision makers. In order to enable
the reduction of subjectivity and uncertainty in a decision-making process, a new fuzzy PIPRECIA
method has been developed, the advantages of which are presented throughout the paper. More
precise and objective expression of uncertainty processes is also possible if one applies Hesitant
multiplicative preference relation (HMPR) [61], the hesitant probabilistic multiplicative preference
relation (HPMPR) [62], the probabilistic single-valued neutrosophic hesitant fuzzy set (PSVNHFS) [63],
hesitant fuzzy set theory [64–66]. Uncertainty and imprecision of data describing the alternatives and
criteria influence the subjectivity of assessment [67]. Therefore, in the last few years, there has been a
dynamic development of fuzzy MCDM methods, which allow capturing uncertainty and imprecision
of input data representing values of alternatives and weights of criteria [68].
6. Conclusions
In this paper, a pre-analysis of barcode implementation in a warehouse system of a company for
the manufacture of brown paper has been carried out. In order to get as realistic indicators as possible,
SWOT matrix was formed with a total of 27 elements, which were assessed. The conducted research has
double contribution, both scientific and practical. The greatest contributions from a scientific aspect are
the enrichment of multi-criteria decision-making methodology throughout development of new fuzzy
criterion scales and new fuzzy PIPRECIA method. New fuzzy scales for criteria comparison adapted
to the developed methodology have been defined. In order to enable the reduction of subjectivity
and uncertainty in a decision-making process, a new fuzzy PIPRECIA method has been developed,
the advantages of which are presented throughout the paper. This method makes it possible to evaluate
unsorted criteria, which is very important for group decision-making, especially when the number of
decision-makers increases. If the contribution from a practical aspect is observed, it can be emphasized
that by assessing the conditions for the application of barcode technology in this part of the company,
an adequate basis for increasing the efficiency of logistics operations is achieved. It is a company
that has about one thousand employees and covers about one million square meters, including a
large volume of exports and a large number of logistics operations and processes. Increasing its
efficiency makes it possible to increase efficiency of a complete supply chain involving a large number
of users with regard to company’s business scope. Future research regarding this work relates to the
implementation of barcode technology, both in these warehouse systems and in other ones that are not
covered by this technology. In addition, it is possible to develop similar models for criteria evaluation.
One of the directions is expansion of PIPRECIA method with rough numbers that help to reduce
uncertainty when making decisions and relates to group decision-making.
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